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Introduction
Massive development of opportunistic green macroalgae is a worldwide phenomenon related to coastal water eutrophication (Valiela et al., 1997) . In coastal environments, there are different types of green tides. Green tides can occur on mud flats -as reported in Italy (Viaroli et al., 2005) , Spain (Hernandez et al., 1997) , Denmark (Pedersen and Borum, 1996; Lyngby et al., 1999; Riisgard et al., 2008) , the Netherlands (Malta and Verschuure, 1997) , the USA (Nelson et al., 2008) , Ireland (Jeffrey et al., 1995) and the UK (Scanlan et al., 2007) - or on sandy beaches where free floating macroalgae wash up on beaches -as in France (Piriou et al., 1991; Merceron et al., 2007) and in China (Liu et al., 2010) . The main consequences of macroalgal blooms include oxygen depletion in calm waters, which causes changes in the zoobenthic community (Norkko and Bonsdorff, 1996) , decline in seagrass populations (McGlathery, 2001) , and production of hydrogen sulphide (Briand, 1989) . In all cases, nutrient enrichment due to anthropogenic activity is the main cause of these macroalgal blooms. Opportunistic macroalgae are therefore one of the quality indicators listed in the European Water Framework Directive (WFD, 2000) . Although eutrophication occurs in all aquatic ecosystems, coastal waters are particularly sensitive because they represent the last compartment where all nutrient inputs accumulate from the entire water cycle and run-off waters. For this reason, marine estuaries have the highest nutrient inputs per unit surface area of all aquatic ecosystems (Howarth, 1993) . For instance, in Brittany, in 2008, almost 76,000 t of nitrogen was discharged into the sea according to the Loire-Brittany Water Agency.
Brittany has the highest positive nitrogen balance in France due to intensive farming activities (Campling et al., 2005) . Nutrient enrichment, combined with semi-enclosed areas with poor flushing, shallow depths and particularly clear waters, has made Brittany coasts very sensitive to macroalgal blooms, which are generally composed of drifting Ulva spp. (Dion and Le Bozec, 1996) . Macroalgal 'green tides' have been a regular occurrence in Brittany since the
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4 1970s (Piriou et al., 1991 , Merceron et al., 2007 in both coastal and transitional waters and have become a real environmental issue. Since 2002, green macroalgae blooms occurring on Brittany coasts have been monitored (CEVA, 2011) . Washed-up and drifting green algae covered almost 1000 ha of sandy beaches or bays in Brittany in June 2009. To avoid negative impacts on tourism and risks for human health related to decomposition gases, green algae are now being collected on numerous beaches. In 2010, nearly 74,000 m 3 of green algae were collected in Brittany (CEVA, 2011) . However, removal and disposal of seaweeds are only short-term solutions. These actions must be accompanied by preventive measures, such as upstream reduction in nitrate inputs in aquatic ecosystems. Numerous models have been constructed to determine which factors control macroalgal blooms (Ménesguen and Salomon, 1988; Runca et al., 1996; Solidoro et al., 1997; Brush and Nixon, 2010) . For management purposes, these models mainly provide qualitative recommendations and sometimes quantitative guidelines. In Brittany, it is now known that macroalgal blooms occurring in coastal waters are principally due to anthropogenic nitrogen loading (Piriou and Ménesguen, 1990; Ménesguen and Piriou, 1995) . Due to the high cost of the preventive actions, catchment area managers need highly reliable prediction tools to set nitrate concentration targets for the main rivers and thus control green tides. However, there are no models to accurately estimate the effects of nitrate load reduction on green tides with regard to water management issues.
The MARS-Ulves model is derived from two coupled models: a two-dimensional (2D)
version of the hydrodynamic model MARS (Lazure and Dumas, 2008) , and an improved version of the biogeochemical model of Ulva production described by Ménesguen et al. (2006) . The main goal of the work presented here was to predict nitrate threshold values for the control of green tides, which can vary from bay to bay in Brittany. Numerical nitrogen tracking provided further information on the source of the Ulva nitrogen pool thereby identifying the main contributors of macroalgal blooms. Seaweed biomass is also largely influenced by local geological characteristics (nature of the underlying bedrock, i.e. slate or granite), precipitation (Ménesguen and Piriou, 1995) and residual stocks from the previous year, as shown for macroalgae blooms on mud flats (Kamermans et al., 1998) . Maximum annual algal cover and foreshore surface areas are presented for each study site in Table 1 . Biomass quantities can also be used to compare sites:
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e.g. in the summer of 1998, biomass totalled 2800 t in La Fresnaye Bay, 8400 t in SaintBrieuc bay, 2400 t in Lannion Bay, 800 t (wet weight; ww) in Guissény Bay and 3400 t in Douarnenez Bay.
3. Description of the modelling system 3.1. Hydrodynamic model
The purpose of the hydrodynamic model was to determine currents, sea level and to advect/disperse all dissolved and suspended substances from rivers. These variables were then used in the biological model to compute changes in state variables (see § 3.2). The 2D
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6 hydrodynamic model MARS (Lazure and Dumas, 2008) was used, assuming that the horizontal current component does not vary significantly from the surface to the bottom (barotropic approximation) and that thermohaline stratification is negligible. In the five shallow-water bays studied here, there is significant tidal mixing. A 2D model is thus appropriate and also significantly decreases computation time, thereby accommodating a higher number of scenarios of nitrogen load reduction. At open ocean boundaries, the model was forced by sea-surface height, provided by a succession of nested models with decreasing extensions and increasing spatial resolutions, their number depending on the study area (see inset of Figure 2 ). Heat fluxes throughout the domain were computed according to Luyten and De Mulder (1992 (see Figure 3) .Using the same time-series for the five studied sites was appropriate because nutrient concentrations at each site follow the same annual and seasonal patterns. Moreover, for nitrogen load reduction scenarios, the use of a generic offshore value is acceptable for an analysis of the relative importance of offshore versus river contributions. The daily growth rate of Ulva was described as a function of the maximal growth rate (µ max ulva ), temperature (f T ), light (f Lulva ) and nutrient limitation (f Nulva , f Pulva ):
The concept of Thornton and Lessen (1978) was adopted to represent the temperature limitation factor (Figure 4 ). This function uses optimum temperature curves for which the growth rate increases up to an optimum and then decreases at higher temperatures. Linear or exponential increases in growth rate with temperature (e.g. "Q10 = 2" law) are not appropriate for green algae because these functions increase indefinitely with temperature and are never limited by maximum sea temperature when the optimum growth temperature is reached.
Using the Thornton and Lessen formulation, the temperature effect was expressed as 
where T is the sea temperature; T opt min and T opt max , minimum and maximum temperature for the optimal interval; T min and T max , minimum and maximum tolerable temperatures; and K 1 ,
, constants controlling the shape of the temperature response curve. The effect of light on Ulva growth (see inset in Figure 5 ) was based on a MichaelisMenten equation and depended on the light available at the sea bottom (I H ) and the timevarying optimal light intensity for Ulva (I optulva ) :
The light available at the sea bottom follows a classical Lambert-Beer function:
9 where I surf is the solar radiation at the sea surface; k H , the light extinction coefficient and H, water column height. In Eq. (3), photosynthetically active radiation is approximately half of the total solar flux (Brock, 1981) .
The original cell nutrient quota model (Droop, 1968) was adapted for the nutrient limitation factor which is controlled by the internal nitrogen or phosphorus pools (Q N , Q P ) for Ulva: (6) where Q N = X6/X8 and Q P = X7/X8 ; (Q min N ; Q max N ) are the minimum and maximum nitrogen cell quotas; (Q min P ; Q max P ), the minimum and maximum phosphorus cell quotas. The introduction of minimum and maximum cell nitrogen and phosphorus quotas is useful for normalising the nutrient limitation effect between 0 and 1:
and:
The variation in the internal nitrogen and phosphorus pool for Ulva depends on nitrogen (V Nulva ) and phosphorus (V Pulva ) uptake velocities, which are controlled by the nutrient concentration in seawater and the nitrogen and phosphorus quotas:
where V maxN (t) and V maxP (t) are the imposed time-varying, maximal uptake rates for nitrogen and phosphorus, K N (t) and K P (t), the imposed time-varying, half-saturation constants for nitrogen and phosphorus uptake.
Ulva mortality is another important component in the biomass decrease that generally occurs during July and August in the sites affected by green tides in Brittany. This parameter plays a key role in nutrient recycling by supplying detrital organic matter. It was assumed to be only dependent on temperature for immersed Ulva biomass: For nitrogen and phosphorus mineralisation:
where k 0 minN and k 0 minP are the nitrogen and phosphorus mineralisation rates at the baseline temperature.
For nitrification:
where k 0 nitrif is the nitrogen mineralisation rate at the baseline temperature. Sediment and water column interactions are of significant ecological importance for shallow coastal waters (Reay et al., 1995; Vouvé et al., 2000) , particularly in the intertidal zone where growth of free-floating Ulva thalli occurs. During the incoming tide, Ulva thalli that are located just above the bottom layer are kept in suspension by water movement and, due to tidal flushing, are immediately exposed to nitrogen (ammonium and nitrate) and phosphorus from the intertidal sediment. The influence of tidal action on the release of nutrients from intertidal sediments has been described by Cabrita et al. (1998) and Rocha (1998) . At the onset of submersion, high quantities of nutrients are exported from the sediment to the water column and tidal flushing decreases monotonically with increasing water depth, typically for 3 to 4 h (Usui et al., 1998) . The depth of oxygen penetration in the sediment (Henriksen et al., 1981) , temperature (Vouvé et al., 2000) , time of air exposure of the sediment and tidal amplitude (Cabrita et al., 1998 ) also determine the sediment flux, but these parameters can be considered as secondary with regard to the effect of the tide and agitation induced by wind stress. Ulva remineralisation also provides nutrients to the sediment. However, the five studied sites are macro-to meso-tidal sandy bays. In these types of bay, only a small part of the detrital organic matter produced from degradation is incorporated into the sediment as showed by Chardy (1993) for Saint-Brieuc Bay.
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In sandy and estuarine sites on the north-western coast of France, Monbet et al. (1991) , Douchement (1987) and Lerat (1990) corresponds approximately to the 3-4 h after the beginning of submersion (Usui et al., 1998) .
The seasonal change in Ulva biomass, which is assumed to settle eventually on the sea bottom, is strongly influenced by a self-shading biomass factor (ulvasurf). With this factor, only the superficial part of the deposit needs to be accounted for when calculating Ulva growth. At the beginning of the bloom (in April), Ulva biomass is small, so that self-shading does not affect its growth. As soon as Ulva concentrations increase (mid-May to June), selfshading plays an important role in limiting total production. Experiments done at the Marine Algae Technology Centre (CEVA) show that a self-shading effect from the biomass occurs at densities greater than 1 kg.m -2 (ww) (data not shown). The self-shading biomass parameter depends on the surface-specific biomass (ulvasurf 0 ) which can be used to take into account the self-shading effect in the computation of Ulva biomass. It was expressed as
The following subset of differential equations, which were coupled to the transport model, allowed the computation of each state variable:
The conceptual model, state variables and other variables used in the mathematical formulae are presented in Figure 6 , Table 2 and Table 3 , respectively.
The distribution of washed up Ulva ( Figure 7 ) was determined from the average distribution of algae calculated from data recorded each year since 2002. Initial Ulva density was set to a uniform value of 20 g dry weight (dw), which can be considered as a realistic value before bloom onset.
Calibration and validation of the hydrodynamic and biological models
Due to the number of study sites and the cost of sensor deployment to measure continuously variables, such as water depth, instantaneous currents, temperature and salinity, the validation of the hydrodynamic model was only performed by comparing the predicted tidal heights with those provided by the French Naval Hydrographic and Oceanographic Service (SHOM). The file provided by SHOM, which integrates the first 115 tidal harmonic constituents, was calculated from the 2D Telemac model coupled with a large set of in situ data. The comparison was done considering a real tide occurring in January 1996 and representing a succession of two neap and spring tides. The MARS model and the SHOM tidal signal used for the comparison were produced using a sampling output rate of 10 min (about 4500 points for each series). The hydrodynamic model was calibrated by adjusting the Strickler coefficient
e. bottom friction coefficient) so as to minimise the difference between the model and the SHOM tidal signals in terms of water level and phase difference.
Calibration of the biological model was mainly based on the seasonal variation of the maximum nitrogen uptake rate (V maxN ) and the half-saturation constant for nitrogen (K N ) to reproduce the internal nutrient quotas measured in situ for each site. These parameters are shown for each bay in Figure 8 . Values were consistent with those found in the literature (O'Brien and Wheeler, 1987; Pedersen, 1994; Campbell, 1999 and Runcie, 2003) . However, to our knowledge, in situ seasonal changes in kinetic parameters has not been studied, although this pattern was in good agreement with the decrease in the physiological capacities of Ulva spp. during the summer when stress conditions are the highest (desiccation, nutrient limitation, self-shading, etc.). For instance, Kim et al. (2004) showed that photosynthetic performance of Ulva pertusa is lower in the summer than in the spring. Rivers and Peckol (1995) obtained the same result for Ulva lactuca. To assess the effect of seasonal variation in V max and K N , the changes in biomass and internal nitrogen quotas were compared, for each site, with those obtained without time variation for the maximum of nitrogen uptake rate (V maxN =200 µmol g -1 ) and the half-saturation constant for nitrogen uptake (K N =30 µmol dm -3 ). Parameters values were derived from Ménesguen et al. (2006) .
Self-shading was also a site-specific parameter and was used to reproduce biomass evolution in accordance with algal cover recorded annually in situ at each site by aerial surveys.
The biological model was validated by comparing the predicted algal biomass with actual algal biomass recorded in situ and derived from the algal cover survey carried out by CEVA for each simulated year.
Sensitivity analysis
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A one-way sensitivity analysis was adopted to determine which parameters had the greatest influence on model results. ulva , µ max ulva , at ± 2°C for the parameters T opt min and T opt max , and at a factor of 0.5 and 2 for initial biomass. Deviation from the baseline simulation was quantified for total biomass and internal nitrogen quotas and was expressed as described in Brush and Nixon (2010) , i.e. as the mean relative deviation from the baseline simulation:
where X baseline represents the biomass or the internal nitrogen quota for the baseline simulation and X sensitivity the biomass or the internal nitrogen quota for the sensitivity simulation. For each sensitivity run, the time-series used for the calculation of the mean relative deviation was based on 183 outputs (one model output per day from the beginning of April to the end of September) and was computed across all spatial elements (pixels) for biomass and at three fixed points for the internal nitrogen quota.
Due to the large amount of simulations performed, only one site was used for these numerical experiments. The model of Lannion Bay (a strong tidally stirred ecosystem, numerous rivers, heavy macroalgal bloom) appeared to be the best candidate to test sensitivity and the most representative site of the five studied.
Tracking the nitrogen source in Ulva
The numerical technique used for assessing the nitrogen source in Ulva was based on 
Hydrodynamic model validation
For each bay, the time series of simulated sea surface elevation was graphically compared to the tidal height predicted by the SHOM data. From these data, the phase angle difference and the relative error on the tidal range were calculated. As an example, graphs are shown for Lannion Bay (Figure 9 ). For other sites, results are compiled in Table 4 . Timing discrepancy between SHOM data and our model varied from 9.6 min for Douarnenez bay to 21.3 min for Saint-Brieuc bay. Relative error of tidal range was generally around 15%. For all bays, timing discrepancy and relative error of tidal range increased during neap tide and decreased during spring tide, indicating that spring tide was better modelled than neap tide.
Biological calibration and validation
Since 2002, the CEVA has monitored algal cover and internal nitrogen pool monthly from This site appeared to have a specific behaviour compared to the other sites, with a longer growing phase (from May to August). To ensure that there was a good quantitative fit between biomass and the model, the relationship between measured algal cover (assessed by aerial survey) and modelled algal biomass was calculated for each site and compared with the one deduced from field data available for the same sites ( Figure 11 ). In situ data showed that Ulva cover (ha equivalent to 100% algal cover, i.e. an area of 1 ha 50% covered by algae is equal to an area of 1 x 50% = 0.5 ha equivalent to 100% algal cover) had to be multiplied by 52 to obtain the corresponding wet biomass (t). Modelled data showed that the relationship between algal cover and biomass (t) stayed in the range of in situ measurements for SaintBrieuc, La Fresnaye, Guissény and Lannion Bays. In Douarnenez Bay, despite a significant correlation showing a good qualitative representation, the total simulated biomass appeared to be overestimated (as shown in Figure 11 ) due to overestimation of initial biomass. Regarding internal nitrogen pool used for calibration (Figure 10) , the model followed the general pattern measured in each bay with R² ranging from 0.46 (Douarnenez) to 0.85 (La Fresnaye).
Sensitivity analysis
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The relative mean deviation estimated from biomass and the internal nitrogen quota in Lannion Bay is illustrated in the form of a Tornado diagram (Figure 12 to calibrate the biological model, had little influence on the model, and the most influential parameter for these factors was the introduction of a seasonal pattern. Figure 13 shows the contribution of rivers, sediment, water-treatment plants and open ocean to the Ulva nitrogen budget from May to October. Nitrogen tracking showed firstly the main nitrogen sources and secondly that green tide was mainly controlled by local rivers. On average, over the whole period from May to September, the nitrogen pool in Ulva from Lannion Bay originated from two rivers: Yar (31%) and Douron (27%). The Roscoat and seawater contributed respectively to 14 % and 16 % of the nitrogen pool in Ulva. In Douarnenez Bay, from May to September, the Lapic, Ris and Port Rhu Rivers were responsible for 54% of the Ulva nitrogen pool. For the bays of La Fresnaye, Guissény and Saint-Brieuc, the main nitrogen contribution depended only on one river (Frémur, 56%;
Nitrogen source in Ulva
Quillimadec, 76% and Gouet, 53%; respectively). Results per season showed that the natural open sea was a significant source of Ulva nitrogen pool in in early spring ranging from 20 to
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20 more than 50% depending on the site. From May to October, nitrate from seawater contributed from 9 to 28% of the total nitrogen pool in Ulva. Whatever the site, the constant sedimentary fluxes contributed to less than 10% of the total Ulva nitrogen pool. To illustrate the spatial influence of nitrogen from rivers on the intertidal zone, a map of the local contributions to Ulva nitrogen pool of various rivers that empty into Douarnenez Bay is shown in Figure 14 . This showed that every river had a local impact on Ulva nitrogen pool and therefore on Ulva growth. Thus, scenarios of nitrogen reduction were designed by decreasing nitrogen from all rivers to explore the impact of reduced nitrogen input on macroalgal blooms within a given bay.
Nitrogen load reduction scenarios
Nitrate concentrations and nitrate fluxes from in situ measurements in the main rivers of each bay are presented in Table 5 . Nitrate concentrations in rivers are less variable than fluxes are (fluxes are directly dependant on the annual/seasonal rainfall), making it possible to compare sites between different years. It is important to note that total dissolved inorganic nitrogen carried by rivers for the five studied sites was mainly found in the nitrate form. The ammonium form represented only 1 to 2% of the total nitrogen flux. As a consequence, nitrogen reduction scenarios were based only on nitrate reduction. Among all sites under study, nitrate concentrations varied from 20.3 mg l -1 (Gouessant in La Fresnaye Bay) to 58.3 mg l -1 (Quillimadec in Guissény Bay). In spite of their proximity, rivers at a given study site showed wide variation in nitrate concentrations, e.g. for La Fresnaye Bay, the concentration in Frémur River was two-fold greater than that of Rat River (50.09 and 25.80 mg l -1 , respectively). Results of the different scenarios of nitrogen reduction are presented in Table 6 .
To reach the goal of 50% reduction in algal biomass, nitrate concentration in rivers must be reduced from 5 to 15 mg l -1 , depending on the site. La Fresnaye Bay was the most responsive Bay, which has an important infralittoral Ulva stock (Merceron and Morand, 2004) , the use of a robust physical transport model may be useful for simulating Ulva accumulation on the beach and Ulva removal from the system during windy events. In Lannion and Guissény Bays, the recorded infralittoral biomass is moderate (respectively 16% and 18% of the total biomass compared to 53% for Douarnenez Bay). In Saint-Brieuc and La Fresnaye Bay, infralittoral biomass can be considered negligible (respectively 2% and 3% of the total biomass). Except for Douarnenez Bay, the use of a transport routine will not greatly improve the modelling of algal blooms.
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The phytoplankton compartment was not considered in this model. As shown by Ménesguen and Piriou (1995) , Ulva biomass correlates well with summer nitrogen loadings carried by rivers and discharged in open coastal waters of Brittany. As Ulva biomass is located in the intertidal zone where rivers end, macroalgae can utilise the nitrogen in river plumes. This suggests that competition between Ulva and phytoplankton for nutrients is limited in such ecosystems. However, if this model were to be used in estuaries, then phytoplankton should be considered. In estuarine ecosystems, Brush and Nixon (2010) showed that the predicted algal biomass was highly overestimated when phytoplankton was absent, especially at the summer peak.
In addition, grazing was not taken into account in our model. Grazing pressure has been widely studied on muddy sites. The impact of grazing has been shown through the top-down control of macroalgae blooms (Lotze and Worm, 2002) . Herbivores can also enhance Ulva
23 growth by reducing microalgal biofilm fouling on macroalgal blades (Guidone et al., 2010) .
To our knowledge, no published work deals with grazing pressure on open sandy sites.
Moreover, sand is not an appropriate substrate for gastropods which are the main macroalgae grazers.
In regard to open coastal ecosystems, our model takes into account the main driving parameters behind green tide events.
Using models as management tools
The methodology in this study was developed to provide practical recommendations for stakeholders; it was based on (1) the analysis of nitrogen river fluxes; (2) the simulated accumulation of sources of Ulva nitrogen pool (nitrogen tracking technique) and (3) on the simulation scenarios of decreases in river nitrate concentrations.
Our modelling study showed that nitrate reduction is an effective way to reduce Ulva blooms in the shallow bays of the Brittany coast. Nutrient limitation in the marine environment has been often discussed (Smith, 1984) and studies that monitor the internal nitrogen and phosphorus pool in Ulva show either nitrogen or phosphorus limitation (Viaroli et al., 2005; Riisgard et al., 2008) , a co-limitation of both nutrients (Villares and Carballeira, 2003) or a switch between nitrogen and phosphorus limitation according to season (Wheeler and Bjornaster, 1992) . Thus, modelling is an important tool for stakeholders to guide and justify their management choices. The MARS-Ulves model also identified the main sources of nitrates as well as the season in which they played a role in macroalgal development. The model shows that nitrogen from the natural open sea is of limited importance compared with anthropogenic inputs from rivers. These results are consistent with those obtained by Ménesguen et al. (2006) in which marine inputs accounted for 15% of the total nitrogen pool in Ulva. Other studies showed similar results with a high contribution of nitrogen from river
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24 streams to the global nitrogen budget in estuaries (Lacroix et al., 2007; Neumann, 2007; Timmermann et al., 2010) . However, the natural open sea makes a high quantity of nitrogen during spring mainly due to the concentration in NO 3 at marine boundaries: 2.52 µmol.l -1 in spring (average from April to June) and 0.05 µmol.l -1 in summer (average from July to September). Winter nutrient enrichment of the natural open sea is due to the reduced primary production during this unfavourable season (low photoperiod, low temperature) coupled with stormy weather which contributes to the mixing and the re-enrichment of the water column.
Thus, the seasonal patterns of the different nitrogen sources indicates that the reduction in nitrate in rivers will negatively influence algal development during summer, thereby affecting the residual winter algal stock. In addition, Kamermans et al. (1998) showed the residual Ulva stock in winter plays an important role in the spring initiation of the Ulva bloom. Therefore, in conjunction with a winter decrease, a reduction in the spring bloom can be expected in the long term.
Moreover, this model can be used to set realistic targets for enhancing water quality. 
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The Loire-Brittany Water Agency used a water quality assessment tool to rank different classes of water quality based on data from biology and water use (Oudin et al., 1999) .
Results of this classification showed that good water quality requires nitrate concentrations of ≤ 10 mg l -1 in rivers for a minimum of 90% of measurements taken all year long, which is in good agreement with our results.
Results obtained in this work in terms of nitrogen quality targets can guide watershed models.
Watershed models can simulate the nitrogen concentrations of drainage water under various agricultural land uses and are used to choose the best agricultural practices to achieve nutrient reduction in rivers. Such models are regularly developed and applied to small catchments in 
Conclusion
Modelling Ulva green tides at five sites in Brittany showed that nitrate concentrations in rivers should be restricted to between 5 mg l -1 and 15 mg l -1 , depending on the study site, to reduce Ulva biomass by at least half. Numerical nitrogen tracking showed that nitrogen from rivers was largely responsible for green tides with a significant contribution of nitrogen coming from oceanic water masses in the spring. Our method also highlighted the need to reduce nitrogen simultaneously in all rivers, because each one contributes to the excess supply of nutrients that sustain and promote green algae growth.
Lastly, working on several bays with the same model highlighted that each bay has a particular functioning, which renders it more or less sensitive to reduction in nitrate fluxes.
This information is important for stakeholders who must predict the time required to obtain results after the implementation of water quality restoration steps. 
